Introduction 31
During the last glacial period, the North Atlantic basin experienced a number of 32 large and abrupt millennial-scale fluctuations in climate referred to as Oeschger (DO) cycles. Ice cores from Greenland reveal that each cycle began with an 34 abrupt warming from stadial to interstadial conditions [Johnsen et al., 1992 . Here we propose a mechanism to explain these millennial-scale climate cycles 46 involving abrupt changes in sea-ice cover, gradual regrowth of ice shelves, and warming 47
Greenland margin that could influence sea-ice cover in this region. We propose that the 156 cooling effect of a large ice shelf combined with extensive sea-ice cover would result in 157 regionally cold surface temperatures due to the insulating properties of the ice shelf and 158 sea ice, as well as their effect on local albedo [Li et al., 2005; . This stadial climate 159 would be maintained for as long as the ice shelf was present. 160
In the event of the ice shelf's collapse, potentially caused by warming of 161 subsurface waters (discussed below), the only remaining ice cover would be sea ice and 162 floating icebergs. A small change in wind stress or heat transport could quickly export or 163 melt this ice, resulting in a large increase in open-ocean area and a corresponding large 164 and abrupt warming over Greenland marking the start of a new DO cycle [Li et al., 2005; 165 2010] . 166
During the interstadial phase of a DO cycle, the near doubling of accumulation 167 over the Greenland Ice Sheet that accompanies the warmer climate [Alley et al., 1993; 168 balance, causing the ice shelf to begin reforming along the coast. Expansion of the ice 170 shelf to cover increasingly more ocean surface area would cause air temperatures to 171 gradually cool over Greenland. Once the shelf reached a critical size, it would cause sea 172 ice to rapidly expand through the sea-ice-albedo feedback [Gildor and Tziperman, 2003] 
